Approved For Release 2009/01/15 : CIA-RDP80T00246A004000090002-6

25X1

0\0

<

Q“’&

Approved For Release 2009/01/15 : CIA-RDP80T00246A004000090002-6



——

- — L g o

; - 0246A004000090002-6
ApmovedForRebaseZQQ?ﬁg{yg 9”&5?5?81%16 rosrororganicneskikh Snedl-

inenii, pp. 9-17.

sths of Development of Organic Derivatives of Phosphorus.
[“resented at T'lenary Meeting of Conference).
by Academician B,A.,Arbuzov

{i..B.Arbuzov Chemical Institute, Kazan Section, Academy of Sciences).

Trere are many examples in the history of development of organic chemist:
wrar Aome'segtion of this science, vhich praeviously had not attracted much
"8 1COLn or‘the scientists, begins to devc}op vigorously owing to an unex-
"6’ rracticel application of rcprcsoﬁtativos of that class of compound:s.
... sxe2ple of this is the chonistry of organosilicon compounds.
“t the béginning of this century silicon, as the closest analog of cur:
s *tn-tel a considerable amount of scientific attention. It seemed that is
b6 pcssible to try to or‘atc on the basis of silicon a region of a
Zxryri1 chemiscry as extensive as that cf organic chemistry., However it
«on nrpeared that the oreation of chemistry of silicon is impossible and
*.» -nterast ir organié derivatives of silicon declined considerabdbly.
1., the 40's of this century, oﬁing mainly to the work of K.A.Andrienov,
- {sared that on the base of organic derivatives of silicon it is pcssib.;
* renlize thes synthesis of many new materials whiqh are valuable for indus*:
"lu~yuers, plastics, lubricants, synthetic rubber with unusual properties).
~“ter tnis the chemistry of organic derivatives of silicon entered a period
v. crous development, There were many interesting discéveries of not
7.y ;ractical significance bdbut also of purely theoretical character.
+nzther example.- Discovery of sulfa prepsrations as valuable medicinals

ki

-:#4° *o enhanced development of this region of organic chemistry. In a sher:

+ 7.1 trere were synthesized over 5000 new sulfamide preparations. And the

t

tiscc3ry of cancerogenic properties of polynuclear hydrocarbons led to a

“=7 1 growth of chemistry of polynuclear compounds,

n* this time the chemistry of organic derivatives of phosphorus is 1livi:.
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.- osuch o period of vigorous development, occasioned to a considera: . s
fvirie ty the fact that organio derivatives of phosphorus were found to ‘e
:mpapectedly applicable to ths most divarse btranches of the national acr:.

Howevar 1t should be noted that this Intensive development of any snroe-
“ .°lerce, and specifically organic chemistry, is possible onlyﬂbecnuso
i.ring the previous period there had bsen prepared by the work of many
.clentists a s0lid theoretiocal and experimental foundation for it.

In tnis'bresontaaiﬁn I wish insofar as possible to outline the varioug
"c<ze3 of development of chemistry of organic derivatives of phosphorus an’

.-w the significance which has been rrasently scquired by organic deriv.
n*ive. of phosphorus in the chemical industry, agriculture and other branch
I tls national economy as well as in medicine.

The crganic derivatives of .phosphorus are known for over a hundred year

Howevar phosphorus attracted attention of investigators to a considerably

1s2g9eT degree that 4id its closest neighbors in the D.I.Mendeleev parlodlc

9yszem-‘arlcnio and particularly nitrogen.
There 1s no point to speak here of the significance of nitrogen-bearing
orynaric compounds ( it 1s known that proteins belong to this class of organ:
b xtyncas),
Crganoarsenic compounds attracted a considerable amount of attention afte-

"

lis dlscovery of Calvarsan and its use as a medioinal. Preparations containi- -

arsenic began to be used widely in the medical pracsice. Later, intensive
13velojpmsnt of bhe chemistry of organic derivatives of arsenic was closely
omn:c*ed with the applicstion of some of them as war-péison substances,
Trs inzufficlent attention pald to the chemistry of organophosphorus
n;~ands 18 manifested by the fact that there are several monographs which
wr rerotadl to arsenic and antimony, while until 1940, when the book ty V.M.

“L:%, "oreanic compounds of phosphorus” was published, there was no. a 'single

T row upn on oryanophosphorus compounds,

T ahall pavse briefly on the history of development of the chemistpry of
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- v;hosphorus compounds,
In 1846 Thenard synthesized methyl-, dimethyl- and trim;thylphOs;hinv..
© % criuwrophosnhorus compocunds ignitedin air and had strongly poiscric..
"tles. Owing to these unplessant properties‘Thonard did not studyr '@
srnar, |
In 1354 Rallton prepared by the action of phosphorus trichlorids cn sl . -
i what he jupposed to be esters of phosphorous acid. However, it arrpears:
*2r that Railton hed a mixture of substances.
i 3riod of 1854-1874 several workers prepared énd studied soma r.
... -[ncrus compounds, However thess studies had the oceasional and a2
.¢ rharacter, 4
Becinning with 1874 and until. 1915, i.e over forty years, the study of
“wurnorhosphorus compounds was done by Michaslis and his school in Germa:.,
414 his students prepared snd described a tremedMous nuntar -f
L a,hafus compoqnda belonging mainly to the aromatic series, and
1s¥eloped a number of synthetic methods preserved significantly up tc tha
,"c»)-'a.“:t time, |
T:i 1605 A.Z.Arbuzov published his dissertation devoted to the preparat - -
% rsutral esiers of phosphorous acid. He showed that ail the previous worrs.
“.d nct have pure specimens of esters of phosphorous acid and he also show °
the reasons because of which the workers could not obtain these substances
!r the pure state, A.E.Arbuzov opened the way of transformation of neutral
8s*=75 of phosphorous acid containing trivalent phosphorus into esgers of
alky.phosphonlic acids - derivatives of pentavalent phosphorus, This trans-
“rrs2ion, known under the name of Arbdbuzov rearrangement, is one of the nma.:
m=7 . of synthesls of esters of phosphonic acids.
In 1914 A.E.Arbuzov published his second dissersation in which he
ax;'ained in more detail the phenomenon of the Arbuzov r- rrangerent with
=2 ie: cf both neutral esters of phnsphorous acid as wsll as esters ef

r sy irhospherous and diphenylphosphinous aclids,
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Ajrroximately at the same time organic derivatives of phosphorus wers
=iy Studied by Kipping and Meisenheimer from the viewpoint of possible
¢ 1.tence of optically active phosphorus.

From P.S.Pishchimuka, a student of A.E.Arbuzov in New Alexandria, came
‘n 1911 a large picoo of work on the esters of thiophosphoriec and selsnoph: -
cneric acids and their derivatives,

As it is evident r?a- these very brief data the studies of this peric:
had a purely lheorctioal Characicr and no one of the workers in the field o-
orzanic derivatives of phosphorus could even suppose that in the near futur.
these studies would be of interest not only to scientists but also to ths
‘riustrial workers. At the same time, as I shall attempt to show later, th
wrr'k by A.B.Arbuzov on rearrangement of esters of phosphorous acid which
cccurs under the influence of halogen derivatives end hydrogen halogen ac: :-
rezains the foundation for many processes which at this time are realized
rlant scale while the work of P.S.Fishohimuka serves as the fcundation for
rreparation of a number-of orgahic derivatives of phosphorus used and pro;
fer 18e in various areas of industry and agriculturs. |

Tn 1917 Polish soientists Milobendzkii and Sakhmowskil developed a me*:
cf rreparation of esters of phosphorous acid by the action of alcohols on
irosphorus trichloride in the presence of tertiary aplnoa (pyridine) wri v
bind the hydrogen chloride evolved in the reaction. This work, not notei ¢*
that time, later played a great role in the technological formulation of a
cerfes of reactions of preparation of organic derivatives of phosphorus,

It is necessary to note the studies by the Amerioan chemist James Consui.-
(1524-1930) of the action of phosphorus trichloride ahd phenyldichloropho.:.
on aldehydes and ketones and the work of Swedish scientist Nylen on the u. -
¢! the Michaelis-Becker reaction for the aynthosis‘ot esters of phosphon'
uctds,

In 1931 in the laboratory of organic chemistry of Kazan Univers:ty

i:ring studies which had for their purpose the clarification of s purel:
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st.iva . juestion about the fate of the phosphorus part in the resct.

and N,

:ratlon of free triphenylmethyl radical according to the methcdi of

.nTbuzov, we prepared ror the first time esters of pyrophos, .~

PEAY -

i~ric, mono- and dithlo-pyrophosphoric acids and isolated in *the ; .-
.» ester of pyrophosphoric acid.

..l further studies in the field of organophosrhorus compounds also
'3 ‘purely sclentific, theoretical character,

"™us in~the coursé of nearly ninety years the purpose of studies of
ierivatives of phosphorus was the expansion of own knowledgs in the

‘hemistry of phosphorus, solution of scientific problems whi~

h wara

*ant to organic chemistry based on organophosphorus compounds. Thase

l{d not pusue and could not pursue any practiocal goals,

Aowsver it would be incorrect to think that during this period the

» .
Sotar

vy arie derivatives of phosphorus could not find any practical applicaticnc,

=" phosphorlic acid were used as plasticizers for nitrocellulose

Nty

~zili1lose acetate with lowering of flammability in the articles made

@ materialg, Bsters of dithiophosphnric acid found a wide area

- o~

uge
v2tanisn 9yartg, Dicresyl esters of dithiophosphoric acid and sodium

el
*fathyl ester of dithiophosphoric acid turned out to be excellent flotat!

T+r arnrich—ent of ores of rare metals,

Tt thig

9

'S
© -

yractical application cf organic derivatives of phosphorucs
iroduce a notable stimulating action on the development of ths
trv of -~hosphorus, apparently owing to the single type of cbmpounds
~7 -1 *he relative simplicity of their production. In the work cf V.M,

"+ *nera ure devoted but two pmsges to the technological significance c¢?
“ii.epnorus compounds,

appearead that the develorment of blochem!stry should stimula‘tse trw

rm2ut of the chemistry of organic derivatives of phosphorus, %van

.
teginning of the present century it became known thatesters of phosphor:

)
1

j.av a very important role in the process of transformation of cartc-
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v+ =3, 1n alcoholic fermentaticn, in glycolysis of muscle tissue and s 1.
- frocesses which take pl.aoc in liwing orgenisms, However aven ir tn:
“t3 very important role in biochexzistry of the esters of phosghort!-
Inlled to affect the development of the synthetic part of the studies
1r,anic derivatives of phosphorus,
wncther section of biochemistry where esters of phospheric acid jlay
.nrertant role is divotcd to phosphatides. The rresences of phosrhoru s
L brainjsubstanc.'waa dissovered by Vauequelin as long ago as 1viz,
Ie trnias, cerhalins and substances related to them served as objects for
© ¢ 7=t number of studies., The section of aucleotides played and still plav:
“ lict Jesser role in bilochemistry, these sudbstances being also conrectsd wit: |
i .oornoric acide In the 40's of the present century there was estaltlished
‘7% j:resence of the residue of pyrophosphoric acid in adenosine triphosphate
' .1 tyurned tre attention to pyrophosphoric acid as a component cof physi~l-
¢ -lly asctive substances,
“"wever ev7en the development of these important areas of biochemistry
'~: to sxert a strong influence on the chemistry of organic derivatives
;% ru3 in the broed sense of the word. Only in the past 10-15 years
"> the work of the English scientist Alexander Todd on the syrthasis
.. 180tides has this area of organic and biological chemistry shown
2 .0se connection with a new direction in the chemistry of phosphorus- with
tarivetives of pyrnrhosphorie acid and gave a new direction in the synthsesis
“ra lc derivatives of phosphorus,
1 have extended somewhat my excursion into the area of biochemistry nut

consider it necessary to mention even briefly the connection tetwser

lerlivatives of phosphorus with some enzymes, vitamins and h rmonss,

i 1935-1938 Buler established the structure of the enzyme cozymass uni
#d that into 1ts composition there emters the residue of pyrophosphoric
‘. Approximately at the same time there was established the structure o¢

o

~xrlase also containing a residue of pyrophosphoric acid and closely
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cs2ted with vitanmin By. The yellow enzyme of Warburg also turned out oty
;hosphoric ester,

“re8 cnuli satend the ranilfarity witg the materials on the connecticn
-rportant rhysiologically active compounds with organic dsrivar ‘ves

g, Tt seems to me that the shown examples testify sufficierny

.»iflcrnce of organic derivatives of phosphorus in biochemis*ry =-

Loy,

same time I underline the fact that this connection with t‘c b -

nnt affggt notlceaﬁly the develormant of the chemistry of organic der. -

“ives ¢f phesphorus,

£xt.r.a1ve works on organic derivatives of phosphorus were ccrductaei

o

"T& andl during the 3econd World War (Note: not the National War...)

i o=rioeny. However this work became known only after the war since '* w-.:

-3

S fectec with the military organizations and maxs striotly classirisd,
Y.rire the advance by our trobps into BRastern “russia there wers A -
;roiucing the war polsorn subsfanceATabun which contains phecs;!  ».
"Ter cecvrtinn of ﬁestern fermsny there fell into the hends ~¢ Ll
“rZoeps the archives of the firm T.G.Farbenindustrie and spar it -«
“risic ebout its plants in Blberfeld and Leverkusen. Bspeciallv {:: .
"i7g were the materials on the plamt in Elberfeld about new powsr iyl
ti Ay thch ware related to oreanic dearivatives of rhosphoruc.
2247 Lhare was pudblished a xlixtl paper by the former colls® ret--
.. Farparindustrie Schrader, in which he described the results of the
fren tan-vear labor on the search among organic derlvatives of ;rogrhe-
"=l et ions which possess insecticidel action. However these prajarcti-; - -
83 'noGermany as insecticides since the military powers placed the se..
"%~ on all this work,
tar-ination »~f the “econd “~rld Var it arreared that al.~ - 7

@35 s3cretly conducted intensive studies headsd by Jaunders, i,

"’% an! cthers, on the synthesis and study of properties of physioloy:-:"
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. Trwann~prcsphorus compoqnds.
"hs work in these two directions- synthesis of insecticides ana "QV~
e:hreviation for war gases) undoubtedly affected the further deveic;
"7 chemlstry of organic compounds of phosphorus. Their effect would h.-
- . 31 more noticeable had they not been classified at one tinma.
irhroeder began his work on organophosnh~rus compounds in 1988, 3-°n
+.re discovered éompounds of the tyne of mixed anhydride of acae*:
i3 thsqoster of dimcthylhmidophosphorlc acid having strong insectici--
n*ticn, then the fluoride of the ethyl éster of dimethylamidophosphoric ac!d .
‘aving even stronger action as an insecticide, and other fluorophosphatss.
#.1 th:se compounds had contact action, .
In 1940 there was prepared a compound of the type of tetramethyld!{.aicdo
fi,:ro;hosphat; which possessed not only a contact but also a strong so calle .
wstemic action, Flants sprayed with this substance absorbed it and became £~

TGV

wesks polisonous to insects,

Tusts of Aall these prepafations on warm blooded animals showed the'r
‘=27 tiyn toxiclty., This was one »f tha reasons vhy they failed to find at
‘.1t time any prectical application.,

4 wide study of the physiological activity of organic derivatives of
"hoopiorus rermitted the discovery of thelir myotic action on ths eve 1!l
©: iater thelr antichoiinesterasic action.

In Brgland and in Germany there was prepared a very active substance
{irooyropyl fluorophosphate, quite toxic to warmblooded animals. In 1¢4¢
- +as ruggested for treatment of certain eye diseases.

“11 thesse studies were accompanied by much work on the search fcr
1 tastrial methode of synthesls of the indicated types of -~rganophosphorus
cormy cundg,

wtudies on mixed anhydrides naturally led to the thought of trying

t~ %est the insecticidal actlion of esters of the acids of phosphorus with

**» annydride character, which was done by Sohreder in 1938 with esters of
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«,aorphorlc and then thiopyrophosphoric acids.
Tetraethyl pyrophosphate displeyed an amazingly strong contact actic-
.rsects (in concentration of 0.001% on aphids) but turned out to be s
very powerrulvpoison for warmblooded animals.,
Tetrasthyl pyrophosphate was prepared for the first time by us in 1%2:
:r the laeboratory of organic chemistry in the Kazan University during the
cructles of purely theoretical character. At that time we synthesized for the
c.' time esters of nonothiopyrophosphoric acid, while Schrader prepared
gstat s of diéhiopyrophosphoric acid, |
‘'t that time we never hed a thoughﬁ that these new compounds are so
*x».. and we worked with them with the precautions which are usmal for an
. +~uie chemist, |
t1l the esters of pyrophoﬁphoric and thiopyrophosphorioc acid indicate:
vy uxe 2id not find an applioatlbﬁ in the practical agriculture until the
¢: 1 . the second World ¥ar since they were classified by the‘lorman militar:.,
To the derivatives of pyrophospheric acid belonges one of the most
{rnterssting ilnsecticides with systemic action- octemethyltetramide of pyro-
rhnsphoric acid (OMPA or Octamethyl).,
In concluding the survey of the prewar and war periods of studiss in
*h3 area of organic derivatives of phosphorus I wish to underline that at
*he end of the war in Germany there were found and were being manufactured
or 4 isrve scale the most powerful war gases belonging among organophoschorus
:emp-unds, Thus in Germany there was being produced 1000 toms per month of
Tuoun or Trilon-83 ( ethyl ester of dimethylamido-cyanophosphoric acid ) and
v in or Trilon-46 (isopropyl ester of the fluoride of methylphosphonic =«-13)
- reiny mnie at 600 ton per month rate,
'nbtlilcation of thesse secret materials on the studies of orgarorhosphor
+ e (insscticides, poisonous substances and possible medicinuls) 1‘dg?

tné 1evaiu;iert of the studies of organic derivatives of phosphorus.
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't *he present time the chemistry of organic derivatives of phosphorus
."ing theeugh a8 period of vigorous growth, Literslly in every issus of
“i.. tmiin cheamical journals or.various countries there are papers on organo-
;= rus compounds. Organic derivatives of phosphorus are baing studtad
'nly sclientific {nstitutes and laboratories of the institutions c¢?
isarning., Research in the field of organophosphorus compounds is

"#+1 in fcreign countries also to industrial companies and evdry yasr

~ ¢ are obtalned hundreds of patents on preparation and use of orcenic
vt iva s A phosphn}us for the most diversified uses. For example in the
-8x 7 the reference journal Chemical Abstracts for 1954 in ﬁhe sacticn -°r

;vorus compounds slone thers are referencas to over 2000 papers arnd
“ats,

Ti.e most intense wark is going on in the area.or preparation of naw
velaunces with insecticidal action., Great value exists in mixed esters o¢
‘cinosphoric acid among which are E305, Thiofos or Parathion, Mstacids,
t>x a5 wall as Malathion,

T. Lﬂe foundation for this tremendous synthetio operation there lis the
« "2 Of the pioneers of chemistry of organophosphorus compounds Micruslis,
¢ “rhtuzov and other soientisfs.

Evan at the present time the theoretical studies are opening the paths

" 1"y for synthesis of new preparations but also for the realization of
+.*1on of some of them in large plant scals.
T-2ve are many examples in organic chermistry in which rare substanr;s
#r. i~ had been prepared in the laboratory in amounts of few tens of grams

tg:an to be pr-duced in tens or many hundreds of thesmsands of tons after

*'2v hed found an Ilmportant practical use. This was true of diisopropyl athe

i*-ileénas which until the work of the deceased Academician S.V.Lebedev was
" .ty ixtorslously prepared in the laboratory in amounts of tens or hun'wed:
% orams, while now in the world rroduction this amount i!s expressed ty

n ..":.icn tons,
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In tn. cheristry of organophosphorus compounds there are also beirg
new paths which snssure the preparation in large amounts of subtitwr. s
w' - r only s short time ago appearad to be inaccessible and exotic.

‘ne- of such examzples one may cite esters of pyrophospheric and thiopyr.-
;nosrhoric acids. In 1931 we isolated with much difficulty from e complex
mfrture of substances the esters of subphosphoric and pyrophosphorous =. '
and by addition of sulfur to them prepared the previously unknown clasass
- ~rganophosphorus compounds- esters of monothio- and pyrophosphoric ac¢ ...
T tar cf pyrophosphoroqs acid was prepared by us in the yleld of 1.6% ani
we hLad four érams of it, Bsters of subphosphoric acid were avajildbals ¢t~ .
‘r. *%e amount of twenty grams., Now in ths Kazan Section of The Academy cf
~riences SSCR for the investigative purposes we prepare in the labor.t -
Ly tn 7C kilograms of the ester of thiopyrophosphoric acid per year, and
1y to 5C kliograms of the ester of dithliopyrophosphoric acid.

soviet chemists have ocouried a leading place in the developrmant o t: 4
~hanistry of organic deéivatives of phosphorus. They preserve this lsadins
‘1 .a~e even at this time in the chemistry of organophosphorus ccmpounds.

t7= not long ago Kazan was the single large center in which the cheri-*:
¢” oreganic derivatives of phosphorus was being developed, now in our .a::
there are several large centers, which develop successfully this intsres::
«ran of organic chemistry.

T should 1ike to give in the most general terms a conception of what n-a
&£*asrlel hes been introduced into the chemistry of organophosphorus comj .-
wint new paths of synthesis of organic compounds have been proposed racan:’
2% what has been the role of Soviet chemists in this work,

Ons c¢* the fundamental methods of synthesis of esters of various phcogph
2~ v (0 tha irbuzov rearrangement, 3y mesans of this reacticn ttrer=
c.o-:;av3! i rarant times a large rumber of new compounds. At ths sams ¢
it was found that this rearrangement doces not always proceed normal.y «:.

it rroduces some interesting deviations. Thus, M.I.Kabashnlik, ard @ -~
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- - rov arnd K.V.Nlxonorov found that in the union of esters of *!'c-
spn - u3 ard thiophosphonoqs acids with alkyl halides ths reacticr =,
uafmnlously. N.T.Bogonostseva (A.M.Butlerov Instituts at thas ¥i:ar

:{ty) discoverad a new direction for the reaction betwesn phosphites

hn2log2n derivatives, which lsad to reduction of the halogen - mr- -

- . Ps
L e I

the most‘interesting anomalous courses of the Arbuzov rearrangarnen:®
"< Iorusticon of unsaturated esters of phosphoric acid discoverad ~ : ¢
*{ma by Farkow 1§ Germany in 1952, and apparently independently o7 -

v .N.Fudovik in Kazan and Allen and Johnson In USA. This anomelous ra.:--

i~ enls with haloaldehydes, haloketones and esters of haloaclds and lsads

“0 e formation of substances which rossess strong physiological action .n

oomxticidal sctivity.
“onsziderable attention has been aslso devoted to the anomalous course of
tle Michael!s-Becker reactionm, "’
~ rew synthesis of organic derivaetives of phosphorus which permits ~re
;"ejnre in a short period of time s very great number of mdst var!ad

s-.~3 of phosphonic aeids is the reaction of addition of dialkyl phos;h.ts

ansaturated compounds discovered by A.N.Pudovik during the work on all-i.

re.rrangements. N.N.Mel'nikov (Research Institute on Partilizers and Inse-:
f.neicides in Moscow) parried this reaction over to the acid esters of ¢i-
trnl phosphoric acids and in this way prepared a large number of prepraruti.

w.'' powerful insecticidal action.

The indicated paths of synthesis of organic compounds of phosphorus fo.:. .

the expression in numerous patents abroed, .

rew syrthesis of esters of alpha-hydroxyphosphonic acids is the react:
¢® dlalkyl phosphites with aldehydes and kstones discovered for the first
"r3 by A1.%.Arbuzov and I;H.Azanovakaya and widely extended in the work of
V. Atrumov who d'scovered the reacrion of aldehydes with phosphitas,

Ir. 1355 Schrader proved the possibility of passage from alpha-hyir xv

i~ :phonic esters to esters of phosphoric acid. By means of this react.
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wﬁe possible to synthesize powerful insecticides.

*..I.Rabachnik and his coworkers in USSR and FPields in USA combined tne
"e:2'lon of aldehydes and ketones with dialkyl phosphites with the action

" mamonia, which led to a new simple sintholia of esters of alpha-aminn

ihosphonic acids,

In the work on A.N.Nesmeyanov and K.N.Anisimov there received a wide
1svelorment the method of addition to unssturated compounds om the part cof
phonphorus pentachloride which had been used by Bergmen and Bondi in Germa-

in 10310

-

| . : |
I shall indicate also the rether interesting studies by A.V.Kirsanov

who opened a new page in the chemistry of organophosphorus compounds.

Also of 1ntoro§t are Qho studies on addition of tertiary phosphines
to double bonds and polynn:izltion of olefins under the influence of terti. -
phosphines (Horner, Pederated Go;nnn Republic) which opened now'possibijtxac
of application of orcnnophoaphérua compound-'ror both ggroly qoiontiric ani
yractical purposes. |

I do not have the opportunity to list many very interesting studies
putlished 1in recent years both in Soviet and foreign journals.

The synthetic possibilities in the rield of organic derivatives of pho.
rherus were greatly expanded by these new paths and modificetions of the ¢. -
“any of them made availadble for production some or‘anio'dorivntlves of rhcs-
rhorus on a large scale. As an example of this I shall mentiom the chlorinat
lon of dialkyl phosphites which leads to chlorides of dialkyl phosphates,
rreraration of pyrophosphates by hydrolysis of the chlorides, otc;

A3 1t 1s evident from the cited material, the theoreticsl work is cic.:
corngctad with the problems of great applied significanes. The close inter-
weesing of theory and practice 1s especially well shown at this time in *'.-
»ra of organdophosphorus compounds, Studies which apparently had only tha
cowpletely detached character, literally within a year or two become impcr-:

fcr the solution of purely prectiocal problems.
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(rvanic derivatives of phosphorus present a very interesting and valusbls

.iterial for the study and the solution of fundamental prodblems of modern
argen{c chenistry. One of suoh problems is that of tautomerisa of organic
corjounds., The problem of tautomerism of organic derivativaes of phosphorus
haé long stood and now stands in the center of attention of Soviet investi-
ratcrs, both organic and physical chemists. I shall note the rether interes-
ting work in this direction by M.I.Kabachnik in Moscow and A.I.Brod;kii in
Kiev, I ahal* also indiecate that we in Kazan are devoting oonsidereble atten
tica to this problem as well. Amd in this case also the theoretical studies
turn out to be important for prectice -iunc the atrgoturo of the oompounds
thus prepared orton.dcptndl_cn this phenomenon of tautomerism. In turn the
sﬁructuro reflects ihlrply on the physioclogical activity of the compounds,
Here are some of the areeas ip'which orgenic derivatives of phosphorus
have found or may find soom & prectiecsl applicatiom:
1) ore flotatioa
2) solvents and plasticizers
2) nonflammebdle plasties
4) 1nsoctioidon
5) valuable ludbrieating oil additives
8) polymerization processes |
7) medical preperatioms
In my report I mentioned only in pessing the applieatiom of organic
compounds of phosphorus ss medicinsl plnpcrotloni. Some of these are alread:
being used in treatment of glaueoma, as for instance Mintakol (Fosfakol),an:
the substance Armin of A.l.Rasumev. Organophosphorus will be probably useful
in various paralyses-pareses. I think that thl is just the bdeginning of ths
applicntion of derivatives of phosphorus in medicine and that organophos-
;horus compounds oconteim great and unexpected possibilities. |
It is not accidental that to this conference cams representatives of

various scientifie d}ocipiiaoi, various brenches of matiomal economy.

S - . e g R Eo kI TR B R AT )
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f.org with chemists there are present entomologists, botanists, vederi:iar.

;v .>logists, pharmacologists.and medics, During the sessions we shai h- .-

4t i.7ucs the reports of various contents and characters. These variou-

> axpress it seems to me the clear showing as to how the fiec.' -~

.

wuic derivatives of phosphorus i3 boing expanded and how deeplv Lt !=
! :"::'ing tre neighboring sciences and the various branches of r«<icnal
| ﬁy, how neéessary is the friendship of chemists with repreccr-utivas
‘Lo sclences, the close contect of sclentists with producticrrn wrr-e.s.

~.r's that this contact will sclidify further and that it wil® . 'v,

el vaiunblé material for both science and the national economy.

.. R
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